Under certain conditions uniform magnetic chains are known to be unstable for a lattice dimerization modulating the exchange integral, i.e. the spin-Peierls (SP) transition. In sufficiently high fields a SP system enters a magnetic discommensuration (MD) state incommensurate with the underlying lattice, characterized by the presence of midgap states.
INTRODUCTION
The spin-Peierls (SP) transition is an intrinsic lattice instability in a system of quantum- theories conclude that it is incommensurate with the underlying lattice and will be in the form of a soliton lattice, i.e. the envelope of the ion displacements has a soliton lattice character.
The associated wave vector will change continuously as a function of field. Literature on the theory of the SP transition is already quite vast. We mention two earlier review articles by Bray et al. [1] and by Buzdin and Bulaevskii [2] as extensive introductions, and the review on the phase I-lamiltonian approach by Fukuyama and Takayama [3] Of the few compounds, in which a spin-Peierls transition is well established: TTFAuBDT, TTF-CuBDT [4, 5] , MEM-TCNQ [6] , and (TMTTF)2PF8 [7] , especially TTF-AuBDT is a suitable candidate to study the intermediate phase. Its low zero-field critical temperature of 2 K implies a critical field of only 2 T, hence large values of B/Be are within reach.
Especially by NMR [8] and ESR [9] convincing evidence for the soliton lattice or magnetic dis- is, what happens in those magnetic systems that are modulated from the beginning. The discussion will be based on experimental evidence, obtained in trielinic DMM-TCNQ~ [10] . First we will derive the magnon spectrum for a Hubbard chain with modulated exchange, as appropriate for DMM-TCNQ~. Thereafter, it is shown that the structure below the transition AI41 temperature can be described by a new modulation wave vector and how the new modulation is related to a dimerization. In a magnetic field the excitation spectrum in this low temperature state is argued to evolve into that of the MD-phase of a regular SP-system [11].
THEORY OF A MAGNETIC LINEAR CHAIN WITH MODULATED EXCHANGE
Let us consider a one-dimensional (1D) electronic system, e.g. a TCNQ chain, described by a Hubbard Hamiltonian of the form
where c t (c) are fermion creation (annihilation) operators and n is the occupation number operator. The intrachain transfer integral t may alternate within the unit cell, which consists of two TCNQ-molecules. E is the Madelung energy, which has opposite sign for the two crystallographically inequivalent TCNQ-neighbours. U is the on-site Coulomb repulsion.
Both t, E and U are taken positive. The alternating potential tends to localize electrons on sites with favourable energy leading to an effective transfer integral or effective exchange integral J ~ 8p(1 -ptm/U with p the density at e.g. an even site. In the limit E/t > 1, p is roughly proportional to E:
If the potential E is modulated according to
the pair exchange integral Ji,j+l will have the approximate form Ji,Y+' -: Jo + Jq cos(21rqj)
So, in the limit U > t and E > t the system described by equation 1 with modulate E is equivalent to a magnetic chain with modulated exchange described by the Heisenberg spin
in which Jy,i+, is given by eq. 4.
In the following we use the approach of Pytte [12] in his treatment of the spin-Peierls problem. We first transform the spin operators to fermion operators of the form [13] :
The operators satisfy the fermion anticommunication relations 
the spin l'Iamiltonian equation (5) is written, using the Hartree-Fock approximation as k k e"~ cos(k -~rq)¢lek-2.~ (10) For temperatures lower than Jo/k, p ~. 1.64 and can be incorporated in J --* pJ.
As an illustration, in fig. lb we show the magnon spectrum calculated with Jo/k = 15 K
and Eq/t : 1.2 (these values are appropriate for DMM-TCNQ2, see below).
TRICLINIC DMM-TCNQ2
Triclinic dimethylmorpholinium-bis-tetraeyanoquinodimethane (DMM-TCNQ2) belongs to a class of organic (semi)conductors in which one or two of the N-protons of the morpholinium molecule are substituted by alkyl groups. In the majority of case the TCNQ-moleeules form one-dimensional stacks [14, 15] . This stacking is reflected in the one-dimensional nature of the electron structure: the wave function overlap between adjacent molecules, which is directly proportional to the transfer integral, is typically two orders of magnitude larger within the chain (intrachain) than between neighbouring chains (interchain). The resulting one-dimensional (l-D) electronic system is usually described by eq. (1) 
This convention (differing 2~ from the usual one) is chosen in such a way that a higher-order commensurate structure is described by the quotient of two integers. Since the stacking of the TCNQ-molecules is along the ~-axis, the only component of the modulation that is relevant to our discussion is the one along the E*-axis. For the ease of calculation this ~'-component is set equal to the higher order commensurate value 5/13. Modelling of the system along the 
INCOMMENSURATE PHASE COMPARED TO SPIN-PEIERLS PHASE
The principle feature of the incommensurately modulated high-field phase of a SP-system is the existence of mid-gap states (solitons) in the dimerized magnon band. These solitons A144 are localized spin structures, bridging two different realizations of the ground state (see e.g. the review by Bishop et al. [16] ). In the SP-case, the solitons form a 3-D lattice. The spin configuration within the soliton is coupled to the lattice and produces a high expectation value of the staggered magnetization within the soliton, which is crucial in the explanation of the NMR-and ESR-data in a regular SP-system such as TTF-AuBDT [8, 9] as well as in explaining the "otherwise puzzling ESR-data" in DMM-TCNQ2 [17] . This incommensurately modulated state resembles our model for the low-as well as the high-temperature phase: the proposed magnon spectra ( fig. 2) are quite similar to the excitation spectrum of a dimerized system with a mid-gap soliton band (fig la) . Moreover, in both cases the mid-gap spin excitations are coupled to the lattice, which makes both models equiwlent in the explanation of the resonance data.
In the previous section we mentioned that below 1. critical field in the susceptibilitymeasurements. In high fields (> 0.2 T) the anisotropy can be neglected.
CONCLUSION
Triclinic DMM-TCNQ2 in its low temperature phase presumably is an incommensurately modulated system, which has the same advantages as TTF-AuBDT: only moderate fields are needed to overcome the effective exchange constant. Like in the MD phase of a SP system for fields B > Bc the number of discommensurations grows with magnetic field strength. For B < Bca mixed phase exists where the incommensurate wave vector q changes from its zero field value to q(Bc). In the near future neutron studies will be performed to verify parts of this model.
